
EPA Coa lbed Methane Outreach Program Technical Options Series

CCOAL OAL MMINE INE MMETHANE ETHANE SSTORAGE IN TORAGE IN AABANDONED BANDONED MMINESINES

Leyden Mine Underground Natura l Gas Storage Facility Near Denver, Colorado
 (Photo courtesy of Public Service Company of Colorado)

PPRIMARY RIMARY BBENEFITS OF ENEFITS OF SSTORING TORING CCOAL OAL MMINE INE MMETHANE IN ETHANE IN AABANDONED BANDONED MMINESINES……
 

♦ Allows project operators to store excess gas and ensure consistent deliverability
 

♦ Can use the methane for peak shaving (supplying gas to market during peak demand)

♦ Could improve the overa ll economic viability of many coal mine methane projects
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Why Consider Storing Coal Mine Methane in Abandoned Mines?Why Consider Storing Coal Mine Methane in Abandoned Mines?

The use of abandoned coal mines to store  coal mine metha ne  and conventiona l na tura l
gas can enhance the economics of coal mine metha ne projec ts.  Historica lly, the natura l
gas industry ha s used storage fac ilities to store  gas during periods of low demand, particularly
the  summer months, a nd withdra w it during periods of peak demand, typica lly in the  winter.
More  recently, ga s storage units inc lude peak load fac ilities tha t a re  typica lly capable of high
deliverability with flexibility in injec tion a nd withdra wa l cyc les.

Accura te predic tions of increases in ga s demand are  c ritica l to market stability, particula rly
during winter months.  Unseasonable  wea ther which leads to stored gas withdra wa ls can
send natura l gas prices soaring.  Storage fac ilities can benefit from these  situa tions by se lling
gas a t peak prices. Demand for na tura l gas storage fac ilities ha s increased due to: 1) the
high cost of construc ting pipeline  capac ity, 2) FERC Order 636, a nd 3) increased natura l gas
demand.

To date , there has been no storage of coal mine metha ne  in abandoned mines.  In fac t,
there  is only one abandoned coal mine  storage fac ility in the  United Sta tes--the  Leyden Mine
Underground Ga s Storage Fac ility, opera ted by Public  Service  Company of Colorado (PSCo).
The  fac ility, established in the  la te 1950s, remains a  key component of Denver's na tura l gas
supply system.  Distrigaz, a  Belgia n ga s company, ha s more  extensive  experience with storing
gas in abandoned mines.  Two fac ilities in the  Campine  coalfie lds store  in excess of 10 billion
cubic  fee t of imported natura l gas for use during peak demand periods.

Continued success with conventiona l na tura l gas storage  a t the  Leyden Mine  and those  in
Belgium suggests tha t there  may be many opportunities for storage of coal mine metha ne  a t
abandoned mines located near ac tive coal mines.  The ability to store  gas would benefit
coal mine metha ne projec ts tha t ma rket recovered gas by injec ting it into commercia l
pipelines. Specifica lly, these  fac ilities would provide projec t opera tors with the  ability to store
excess gas, se ll gas during peak demand times, a nd a ssure consistent product deliverability
to dedica ted customers.

Ga s storage could also enha nce  the  viability of methane-fueled power projects.  A gas
storage fac ility permits the opera tor to supply gas a t a  nomina l leve lized price , improving the
economics of a power genera tion fac ility.  The profitability of a power genera tion projec t
ultimate ly depends on the cost of fue l, a nd the  sa les price  the opera tor can rece ive  for
e lec tric ity during times of low (“off peak”) e lec tric ity demand.  In addition to se lling power to
other consumers, a  coal mine could use  the  e lec tric ity on-site  to supplement power supplied
by e lec tric utilities.

Abandoned coal mines fa vorable  for coal mine metha ne  storage would typica lly ha ve
mined-out seams deep below the  surface , a nd undisturbed surrounding stra ta  (e .g., room
a nd pilla r without extensive pilla r extrac tion).  In some insta nces, there  may be lower
development a nd opera ting costs with la rger sca le  fac ilities, due to economies of sca le .
More  importa nt tha n size , however, is the  fac ility’s proximity to gas sources a nd markets,
which affec ts its ability to respond to changing markets.

Ma ny abandoned coal mines ha ve  suffic ient capacity to store more  gas tha n the  typica l
ac tive mine produces, a nd could serve  a s storage fac ilities for conventiona l na tura l gas a s
well.  This added capability could further enhance economics of the  storage projec t by
increasing the  ability to maximize gas sa les during peak gas prices.  It could a lso increase
opportunities to use medium qua lity coal mine metha ne , by blending it with ga s tha t
exceeds pipeline quality (see  U.S. EPA’s Technica l Options case  study Upgrading Medium
Quality Coal Mine Gas by Blending and Spiking).
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The The Leyden Mine Underground Natural Gas Storage FacilityLeyden Mine Underground Natural Gas Storage Facility

The Leyden Mine contains two
horizontal coal seams, 8 to 10 feet
thick, one 50 feet above the other.
Room and pillar mining left a  void of
150 million cubic feet (mmcf) some
700-1,000 feet below the surface.
Operating pressure may vary from 60
pounds per square inch (psi) to 250
psi, but averages 165 psi.

Water-saturated shale and sandstone
surrounding the coal seams provides
the seal that keeps the gas from
seeping out of the mine. Storage
capacity of the facility is 3.0 billion
cubic feet (bcf), and the working
capacity is 2.2 bcf.

Opportunities for Coal Mine Methane Storage in Abandoned MinesOpportunities for Coal Mine Methane Storage in Abandoned Mines

Many active gassy coal mines are in close proximity to abandoned underground mines, and the availability of
high-deliverability gas storage nearby could enhance coal mine methane recovery and use. Because
abandoned coal mines are generally shallow, storage pressures, and hence storage capacities tend to be low
relative to conventional depleted gas reservoirs and aquifer storage facilities.  However, the potential for added
storage via re-adsorption of methane by the unmined coal can significantly increase storage capacity. Belgian
operators indicate that this effect increases storage volumes in their abandoned coal mine storage facilities by
a factor of ten.

EPA has prepared a report titled Technical and Economic Assessment of Coalbed Methane Storage in
Abandoned Coal Mine Workings.  The table below shows estimated capital and operating costs.

Compa rison of Deve lopment a nd Opera ting Costs for Conventiona l vs. Abandoned Mine  StorageCompa rison of Deve lopment a nd Opera ting Costs for Conventiona l vs. Abandoned Mine  Storage

Conventiona l Storage  Fa c ilitie sConventiona l Storage  Fa c ilitie s
Hypothe tic a lHypothe tic a l

Abandoned MineAbandoned Mine
Storage  Fa c ilityStorage  Fa c ility

Development
Cost

$2-4/mcf ($70-135/1000 m3) for depleted reservoirs and aquifer storage
$7-14/mcf ($245-500/1000 m3) for mined caverns

$5.90 - $6.50/mcf
 ($208-$230/1000 m3)

Opera ting
Cost*

$0.20-4.50/mcf of gas sa les
($7-159/1000 m3)

$2.00-$2.80/mcf of gas
sa les

($71-99/1000 m3)
* Per single cycles. Multiple cycles further reduce opera ting costs.

The EPA report includes preliminary economic analysis for hypothetical abandoned mine storage facilities
operating with oversupply gas stock from associated large scale coal mine methane projects. An $11 million
capital investment in a  facility that can withdraw gas at 80 mmcf/d (2.3 million m3/d), cycling 35 maximum gas
withdrawal days per year, and selling gas at an average annual peak price of $2.50/1000 ft3 ($88.29/1000 m3),
would yield the following results:

• internal rate of return greater than 15%;
• net present values greater than $1 million (discount rate 5%);
• project pay back period of less than five years.

Ea st-West Section of the  Leyden Mine  (modified from PSCo brochure)



The use of abandoned coal mines to store
coal mine methane can enhance the
economics of coal mine methane proj-
ects, a llowing project operators to store
oversupply gas, and sell it during periods of
peak demand (and consequently higher
gas prices).  To obtain the EPA report Tech-
nical and Economic Assessment of Coal-
bed Methane Storage in Abandoned Coal
Mine Workings, or to obtain additional in-
formation about this and other uses for
coal mine methane, contact:

Coalbed Methane Outreach Program
U.S. EPA (6202J)
401 M Street,  SW (6202J)
Washington, DC  20460 USA

(202) 564-9468 or (202) 564-9481
Fax: (202) 565-2077
e-mail: fernandez.roger@epa.gov

 schultz.karl@epa.gov

http://www.epa.gov/coalbed

To obtain more information about the
Leyden Mine Underground Storage Facility,
contact:

William Uding
Public Service Company of Colorado
1123 W. 3rd Avenue
Denver, CO  80223

(303) 571-3127
Fax: (303) 893-1758
e-mail:  buding@psco.com

For More Information…For More Information…

The mention of products or services in this case study does not constitute an endorsement by EPA.


